Abstract-In order to comprehend the mechanism and topology of college IM network, we extract the attribute value of the real network in this thesis, and improve the emergence mechanism of the classical model. Thus the research obtains the emergence mechanism of the instant messaging community network and then generates a simulation network with the same number of nodes and high coincidence with the real one. In this way, the simulation network can substitute the real one to some extent, which not only lay the foundation for the complex networks simulation of instant messaging community network, but pave the way for the next research of simulation based on the dissemination of crisis information.
I. INTRODUCTION
With the rapid development of the Internet, network communication has also been developed rapidly as a new modern means of communication. It provides us with a fast and convenient communication tool, which indeed changes the world into the information age. Thanks to the application of different network technology, more and more network communication tools stand by, including web, forum, e-mail, blog, IM, etc. Particularly, IM becomes the most frequently used and the most popular network communication tools due to its characteristics of real time and personalization [1] . According to the latest CNNIC data, the rate of IM user reaches 72.2%, far higher than any other one. The largest IM tools in China QQ (Tencent) has 186 million users.
IM community has a huge number of interactive and participative users, which itself constitutes a complex social network. College IM communities are mostly based on multi-common interest, academic background and trust, meanwhile, the establishment of IM community affects personal interest and mutual trust in return. As a result, it becomes meaningful to research the IM community from the perspective of network. In-depth understanding of the underlying topology of IM community will give a hand in understanding the spread of information in the network and the establishment, consolidation and elimination of individual trust relationships, in preventing rumors from spreading in IM community, and also in managing information transfers in network effectively. As an emerging intermedium of information transfers, IM community's rise and development has increasingly significant impact on people's daily life. So a thorough study is essential.
II. LITERATURE REVIEW

A. Instant Messaging Community Network
Instant messenger (IM), which is based on net communications protocol, is a kind of service to form real-time communication online, exchanging words, voice and vedio to reach the purpose of communication [2] . Since the ICQ, the first real-time communication soft, developed in 1996, instant messenger has come through an ordinary communication tool to a synthesized information platform, combining the function of communicating, entertaining, searching and E-commerce. Currently, there are more than 20 kinds of IM tools in China. It divides into four categories based on different customers. The first faction is QQ, which being the leader of IM tools occupies 84.4% market shares. The second one is MSN developed by Microsoft. With its neatness on interface and feature of no strangers' disturbing, MSN drew lots of attention of white-collar workers, and even exceeded QQ in usage amount of Beijing and Shanghai. The third faction is represented by Netease Paopao, Yahoo Expert, Sina UC, developed by some famous web portals to make use of high viscosity of users to widen their own influence. The fourth one is represented by Taobao Wangwang, Shengda Quanquan, sharing the same features of specialization [3] . Real-time communication differs from email, blog, forum and other net media on ways of transmitting and contents. The following table is the comparison from interaction patterns, interaction level, methods of message receiving and transmission means.
Paper should be single spaced. Private and scattered as instant messenger is, it turns to be difficult to collect data, which results in few researches. There are 3 groups of instant messenger research domestically. One aims at researching the design and realization of instant messenger system. This research has a bias towards software inventing and function improving. Grounding on Jabber/XMPP agreement and stratified thought [5] , Yunxiang Gao proposed a new service model and realization to improve the stability and efficiency. The second is to study the theory and consumers of IM, with the focus on the impression and influence on interpersonal relation from the angle of sociology and psychology. Mengxiang Li analysed some factors like the attitude and perception behavior control significantly have a positive effects on continued intention of instant messenger using, which shows the intention is affected by both technology and the interpersonal relation [6] . The third researchers investigated on practical application in marketing and e-learning. Juanjuan Li made a study on the application of multi-mode of real-time consultation and key points when used in library [7] . In conclusion, researches on instant messenger from network are of small-scale. Besides, college IM community is filled with a very complex network structure and active consumers. It makes a lot of sense to research on IM community from the social network and the complex network angles.
Nowadays, the studies on social network and complex network drive to maturity stage in and abroad [8] . Many empirical research shows that a lot of social networks have character of small worlds and scale free, high clustering coefficient and positive assortativity coefficient. Granovetter explained the dissemination role of "weak link" among communities [9] . A typical example is, when searching for a job, "weak link" connects the individual from different communities and shorten the distance between individuals, which changes the methods of information transfer. As we know, the effectiveness and the extent of community propagation is much larger than that of interpersonal communication. So to investigate on character of IM community with Group-node presents its importance. In order to study and explore the transmission features of IM community, this paper considers the theory related to the complex network as a direction and focuses on the mechanism and topology structure. Basing on the analysis of actual data, we explore the emergence mechanism of college IM community network and then generate a virtual network.
B. The Basic Model of Network Topology
Watts and Strogatz from Cornell University discovered the character of small worlds in complex network and established a network pattern of small worlds in 1998 [10] , which was the earliest research of emergence mechanism of network and gave birth to the study of random network. According to the emergence mechanism of network, the structure of network pattern of small worlds comes as follows:
Start with regular pictures: take a neighbor coupling network with N nodes and they circle, among which each node connects with its neighbor K/2 node. (K stands for even number)
Reconnect in randomization: reconnect randomly every edge in network by probability P, namely remain one of the endpoint unchanged and choose the other one randomly in network. It says any of two different nodes have one shared edge at most, meanwhile, each node shouldn't have edges connecting with itself.
The small worlds network opens the door to the research of the complex network, but still cannot explain the character of the power-law distribution of node degree. Barabási and Albert from University of Notre Dame reveal the scale-free feature of complex network and establish a scale-free network model (BA model) [11] . 
The BN scale-free model shines at turning the scalefree character of real complex networks into two very simple mechanism of the growth and priority of connection [12] . With the study of complex networks, there exists certain difference between scale-free network and the real network. The growth of nodes and the priority of edge connection rest with not only the node degree and age, but some intrinsic properties of nodes, for instance, the connection of social network is decided by personal communication ability, the connection of world wide web lies on the page content, and research network is affected by the quality of papers. As the same, IM network is affected by the capacity, categories, online rate, etc. Bianconi and Barabási name this character node fitness. A node with higher fitness may gain more new edges than those with higher connection but lower fitness. For this, G·Caldarelli proposed the fitness model [13] [14] [15] . The structure of fitness model comes as follows: Especially in colleges at home, the rate of owing QQ reaches to 100% nearly. We can see that it has become an indispensable part of campus life. Therefore, the paper will take QQ group as the representative of instant messaging community. The IM community network researched in this article is the one composed by QQ group as the nodes in network. We will study the mechanism and topology of QQ group network. The definitions of nodes and edges in QQ group network are as follows:
Node: Community is a complex group gathered by a certain relationship rather than a simple collection of individuals. The establishment of instant messaging community network is mostly based on multi-common interest, academic background and trust. So, we take an account of QQ group as a node of instant messaging community network. A QQ of one student's always has several QQ groups and each QQ group has a variety of friends ranging from two or three to hundreds. In the simulation process, the nodes are symbolized by coordinates (XYZ).
Edge: The information transfer between a group and another is through the shared friends. Being connected or not between any two nodes is decided by whether there are the common QQ friends. When the common QQ friends do exist, the two groups are connected and then the edges appear. Otherwise, there are no edges. The exchange of information of the two groups linked by common friends is mostly bidirectional. Thus we can consider the network undirected.
Edge weight: There exists a big difference of the number of common friends between groups. In general, the more common friends two groups have, the higher probability of information exchanging between them will be. The number of the shared friends in two groups determines the extent of contact between themselves. Therefore, the number of shared friends is defined as the edge weight. As shown in Fig.1 , group A is connected to group B through a and b, which says there is a contact between A and B, and the edge weight is 2. In the same way, group A and group C get a connection and the edge weight is 1. The node in simulation settings is a point on coordinate axis. Now we use the locations to present the weights. In a certain range, the weights go reversely with the distance of nodes.
The weight is expressed as (3):
among which "a" stands for the weight coefficient. We will attain the numerical value of "a" by analyzing the real data.
B. Basic Statistical Analysis
Extract a real network after a precise definition of the network is made. We extract QQ group basing on university students. Taking faculty as a unit, we select some students randomly and get the date and all personal information of QQ groups which they have used most commonly. For collecting the date, we interviewed three faculties and totally attained the information of 1090 groups from 76 students. A preliminary statistics shows each account has 6 to 69 groups. That is to say the average number of QQ groups of each account is 18.48. The number of college students having QQ groups is much larger than the other types of users. And averagely every account can transmit information to 1040 men through QQ group. The number of groups each QQ account has obeys lognormal distribution. In other words, after giving the number logarithmic transformation, it follows a normal distribution. The average numerical value of the normal distribution is 1.2604, and the variance is 0.03. Namely, it follows (4).
The degree of cumulative distribution is shown in fig.2 .
The number of members in each group ranges from 5 to 489 and averagely each group gets 56.24. We can find that the number of members in every group obeys a density distribution from the distribution figure of the number of QQ groups. The distribution fitting curve is shown in fig.3 .
C. Analysis of Aattribute of Real Network
According to the collected actual data as well as the emergence mechanism of nodes and edges, Ucinet will be utilized to analyze the attribute of instant messaging real network, including its scale, degree distribution, density, centricity, clustering coefficient, etc.
(1)Network Diagram The network is an undirected and weighted network. The network is fully connected network. A part of the network diagram of nodes is shown in fig.4 , which has a total of 1091 nodes, 44254 edges.
(2)Degree Distribution Degree of nodes is equal to the number of edges connected by nodes. The curve of the cumulative degree distribution in network of 1091 nodes is shown in fig. 5 . Fig.5 reads the curve of the cumulative degree distribution approximates to a straight line at the double logarithmic coordinates, which indicates cumulative degree of nodes and degree distribution both obeys power-law distribution. The exponent of cumulative degree distribution is 0.779, so the exponent of degree distribution should be 1.779 and the coefficient of determination is 0.956. The average degree of nodes is 40.6, and the maximal degree is 420. In the network composed by 1090 nodes, the group is connected to nearly half of all nodes directly.
(3)Measure of Structure It has been referred the distribution of degrees of nodes collected in real network obeys power-law distribution. But its feature of scale-free depends only on having high structural measure value ) (g S . The measure of structure is defined as follows [16] : Supposing "g" is a simple undirected graph with V n = nodes and ε = l edges. Here V and ε respectively stands for set of nodes and set of edges. 
Define the degree of node i as
Equation (6) Accessibility: Any two nodes in the network can be reached, so the network is fully connected.
The shortest path and distance: The length of the shortest path between two nodes in network is called the distance. The longest length between 2 nodes in the sample of instant messaging group network is 13, and the shortest is 1 and the average length approximates 2.215, which proves that the instant messaging community network also has the character of small world, and its average length is much smaller than the "six space"
[18] of the interpersonal relationship.
Affinity: Affinity is measured by the sum of the lengths between one node to the others in the network. It is an index presenting the global importance of nodes, and expresses the extent of deflection from the geographic center of network. No. 45 and No. 12 have the smallest sum of the lengths in the real network and they can be regarded as the geographic center of the network.
Betweenness: Betweenness stands for the number of the shortest path through a certain node. It is also an index presenting the global importance of nodes, and expresses the capacity of node's controling the flow of information and other flows of influence. In this network, the betweennesses of No. 45 and No. 12 are the largest. Table II reads the degrees of centricity and betweennesses of No. 45 and No. 12 are the largest. So we can reason that the two nodes lie in the geographic center of network. In the process of information transmitting, they shine.
Clustering coefficient: Clustering coefficient of a node is the capacity to make themselves connected, and actually depicts the ability of "grouping"; And weighted centralizing coefficient of a node is equal to the ratio of the number of triangles consisting of the node to the number of triangles consisting of all nodes. The centralizing coefficient is the average value of the capacity of all nodes, reflecting the extent of the network collectivizing. Average clustering coefficient is 0.836.
From the analysis above we can see that the instant messaging community network composed by QQ groups as nodes has character of small-world and scale-free. Compared with those peer-to-peer networks of ordinary interpersonal relationship, the instant messaging community network composed by QQ groups as nodes has a greater average degree, a smaller average distance and a larger clustering coefficient. In some ways, these features of the network indicate the transmission of the instant messaging community network is faster and wider.
D. Comparative Analysis of Sub-network
The results of the whole network analysis has been stated above based on all date. Next, taking the faculty which the students belongs to as a unit, we will respectively analyze the features of the three subnetworks. And we will make a simple comparison of the network analysis parameters of the three sub-networks and the whole network. The specific result is shown in table III. As is displayed above, the sub-networks as well as the whole network have the character of small-world and scale-free. And we also learn that, the more complex the network is, the larger the number of nodes and edges will be and the higher betweenness and affinity will be. But some other features of these four networks like the Figure 6 . The distribution function of edge weight Figure 7 . The schematic diagram of the network evolution average degree and power law coefficient are quite similar on numerical value.
IV. RESEARCH ON EMERGENCE MECHANISM OF INSTANT MESSAGING COMMUNITY NETWORK
A. The Structure of Instant Messaging Network
The first step to construct the network is determined the growth mode of nodes and the preferential attachment rule of edge. Considering the feature of IM community network, which have a greater average degree, a smaller average distance and a larger clustering coefficient than the general scale-free networks, the paper consider the capacity and the fitness of the group based on the actual situation.
（1）The growth mode of nodes Assuming generating an M-node network, it will generates a N×N gr ＞ id(N×N M). The probability of each grid is P when it exist nodes. We assigned K to the nodes which represent the capacity of it. The capacity represents the number of QQ friends in IM community network. ： Each new node has two attributes the location and cap （ ， ， ） acity, expressed by G x y k . （2）The fitness of the group nodes The fitness model should take the differentiation of nodes into account. The basic properties of each cluster node are quite different, such as the number of QQ friends which impact the probability of connection with other groups directly. The more friends, the more connected with other group generally. Therefore, we should consider this parameter in the process of the network construction. According to a certain probability distribution, we select the fitness. The probability mainly considerate the capacity of node( υ ). Therefore, we take the fitness
express the distribution of the fitness. （3）The probability of side connection Due to the weighted network, we must take many factors into consideration, such as the probability of connection with the neighbor nodes which is correlated with the fitness and the degree of nodes. Finally, the connection probability of the nodes is expressed as (7):
B. The Extraction of the Initial Value of the Network
Some indicators and parameters of network construction should be supported by the real data. In order to build a more realistic network, the dissertation use the parameters of the real network, including: degree distribution, the capacity of nodes, the weight of side.
Degree: the average degree of nodes is equal to 40.6. The degree distribution is a power-law distribution.
Capacity: the network has 10,000 nodes. When we statistic the data of the real network, exclude some special nodes, we found that the capacity of nodes obey density function, the function is as follow: The weight of edge: with the statistics, we found that most of the value of edge weight is 2, and about 18% is over 4. So that we produce the edge according to this density function (as fig.6 ).
C. The Generation of the Instant Messaging Simulation Network based on the Actual Data.
Through above analysis of the emergence mechanism of network and the extraction of the network initial data, we generate a virtual IM network community which has the same nodes with the actual network. We set up a X×Y two-dimensional space and expected to select the 1000×1000 points in the grid with a certain probability. It generates the capacity value of each node while produce the nodes. It connects the edge with the priority probability. We should assign the weight based on the foregoing statistical distribution function. The schematic diagram of the network evolution is as the fig.7 .
First of all, we generate a simulation network which has the same nodes with the actual network, 1091 nodes. Then we use the Ucinet to analysis the simulation network, and compare the parameters value with the real network, shown in Table IV .
Comparing the parameters between the real network and the simulation network, you can found that the analysis data of the simulation network are the same with the real network. The simulation network also has character of small worlds and scale free, as well as other characteristics of complex network, due to the statistical characteristics form the real network. Its parameters are also consistent with the real network. Therefore, we can assert that the simulation network can instead of the the real network which the fitness model is being improving to some degree.
V. DISCOVERY AND PROSPECT
Based on real data of the QQ group, this paper constructed a real college IM community network. Though analyzing the real network, we get the density function of the capacity of real network nodes and the density function of weight of edge. Based on the two functions, the emergence mechanism of simulation network is as follows:
Growth: With a M nodes network, we introduce a new node each time which has two attributes, position and capacity υ .we add a attributes of capacity here, represented the number of QQ friends in the group. We take the fitness:
As the node generated, we generated the capacity value of each node according to node capacity probability distribution of the real network.
Preferential attachment: The probability of the new nodes connected with neighbor nodes is not only associated with the degree of nodes, but also with the fitness of nodes, meeting the following relationship:
(10) Connecting with neighbor nodes by the probability of the edge priority, the weight of the edge was assigned according to the weight distribution function of the real network.
After comparing each network attributes with real network by Ucinet, we found that the analysis parameters of them are mainly the same, so that the simulation network can take the place of the real network to some extent. It laid an indispensable foundation for the IM community network simulation of complex network to the instant communication network.
And there are some other results by analyzing network as follows:
(1) IM community network also has the feature of small-world and scale-free which generated based on QQ group, and the network is fully-connected, any two points are accessible in the network, and the average distance of network is about 2.215 which is far less than six degrees of space of interpersonal relationship.
(2) Comparing with the other point of usual interpersonal relationship network, it has more average degrees, smaller average distance and more clustering coefficient. It also fully proved that IM community network has the faster speed and a wider range.
(3) After comparing the attributes of sub-network with the whole network ' s ,we can concluded that the more complex the network is, the more the node is, the more the edge is, the more the betweenness and tightness is.
(4)After probing into the capability of the control flow of node and the other influence flow by calculating the betweenness of node, the research found that the center degree and betweenness of No. 45 and No. 12 are the largest in the real network, which means that lie in the geographic center of network, and should be focused on when spreading the control information. It provides some opportunities to social scientists and psychologists who study the social network based on the node of groups. and contributes to looking for the new individual or collective behaviors in these networks. Moreover, the enterprise and marketer can also promote their goods or brand, release promotion information by the network community.
This paper generates the mechanism of instant community network mainly based on the small-world, scale-free network and fitness model. It provides a new train of thought for the research of social network based on the node of groups to a certain extent. But due to the privacy of instant communication, the date is hard to collect which leads to the smaller sample size. It has a direct impact on the accuracy of whole research. Meanwhile, this paper takes QQ (Tecent) as a representative of the instant communication tools, due to the different of the function and application, there still has difference between QQ and other tools to a certain degree. It has a negative effect on the representativeness of whole research. We will generate a more complex virtual network with more nodes based on this network in future research, and further studies on simulation of the crisis information dissemination of IM community network of colleges. 
